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The present invention relates to dynamoelectric ma- 
chines, and more particularly to a polyphase generator pro- 
vided with a composite 6-phase armature winding with 2 
circuits per pair of poles. 

In the design of turbine-driven polyphase generators of 
large size, it is highly desirable to obtain a maximum out- 
put rating from a generator of given physical dimensions, 
and in order to achieve this objective various schemes have 
been suggested that bring about a reduction in voltage of 
the individual phases cf the composite polyphase armature 
winding, so as to minimize the required insulation of the 
coil sides of the individual phases. To this end: consider- 
able use has been made of 3-phase armature windings with 
2 circuits per pair of poles, and some use has been made of 
6-phase armature windings with 1 circuit per pair of poles. 

Heretofore no attempt has been made to devise a 6- 
phase armature winding with 2 circuits per pair of poles, 
as it is immediately apparent that in a conventional sym- 
metrical 6-phase armature winding, the provision of two 
circuits per pair of poles is impossible, since such a 6- 
phase armature winding with 2 circuits per pair of poles 
requires that there must be two phase belts assigned to 
each phase and disposed 180 electrical degrees apart; 
whereby, the "negative" phase belt for phase 1 would 
have to occupy the same space as the "positive" phase 
belt for phase 4, the "negative" phase belt for phase 2 
would have to occupy the same space as the "positive" 
phase belt for phase 5, etc. 

Accordingly, it is a general object of the present inven- 
tion to provide in a polyphase generator, a composite 6- 
phase armature winding with 2 circuits per pair of poles, 
in which the phase belts are so arranged that there is ob- 
tained the two corresponding advantages with respect to 
the reduction in voltage of the individual phases thereof. 

Another object of the invention is to provide a poly- 
phase generator that supplies an asymmetrical 6-phase 
voltage consisting of two symmetrical 3-phase voltages 
having a phase angle displacement therebetween of ap- 
proximately 30°. 

A further object of the invention is to provide in a poly- 
phase generator, an improved distribution and arrange- 
ment of the composite armature winding so that there is 
derived therefrom an asymmetrical 6-phase voltage con- 
sisting of well-balanced individual phase voltages having 
the sequential phase angles: 90°, 30°, 90°, 30°, 90° and 
30°. 

A further object of the invention is to provide an im- 
proved 6-phase power generating and 3-phase power dis- 
tributing system incorporating a polyphase generator em- 
bodying the improved armature winding arrangement of 
the character noted. 

Further features of the invention pertain to the particu- 
lar arrangement of the elements of the polyphase gen- 
erator and of the polyphase power system, whereby the 
above-outlined and additional operating featues thereof 
are attained. 

The invention, both as to its organization and principle 
of operation, together with further objects and advantages 



thereof, will best be understood by reference to the fol- 
lowing specification taken in connection with the accom- 
panying drawings in which : 

Figure I is a diagrammatic illustration of a 6-phase, 2- 
5 circuit generator of the 2-pcle, cylindrical-rotor type em- 
bodying the present invention; 

Fig. 2 is a schematic diagram of the composite 6-phase, 
2-ci : rcuit armature winding incorporated in the generator of 
Fig. 1; 

10 Fig. 3 is a combination vector diagram of the polyphase 
voltage and schematic diagram of the phase beit arrange- 
ment of the armature winding of Fig. 2; 

Fig. 4 is a schematic diagram of a distribution and slot 
arrangement of the armature winding of Fig. 2; and 

15 Fig. 5 is a schematic diagram of a 6-phase power gen- 
erating and 3-phasc power distributing system incorporat- 
ing the polyphase generator of Fig. 1 provided with the 
armature winding of Fig. 2 and embodying the present 
invention. 

20 Referring now to rig. 1 of the drawings, there is dia- 
grarmnatically illustrated a large-size, turbine-driven, poly- 
phase generator of the 6-phase, 2-circuit, 2-pole type, em- 
bodying the features of the present invention, and including 
a stationary armature element 11 and a cooperating ro- 

25 tatable field element 12. The armature element '11 is of 
elongated annular structure provided with an elongated 
substantially centrally disposed cylindrical opening 13 
therethrough that is bounded by a number of angularly 
spaced-apart winding slots 14, thirty-six individual winding 

30 slots arranged in equally angularly spaced-apart relation 
being illustrated for the purpose of description. The 
armature element 11 carries a composite armature wind- 
ing 15 of 6 phases with 2 circuits per pair of poles, in- 
cluding twelve individual phase windings, each including a 

35 number of series related coil sides 16, six coil sides being 
illustrated for the purpose of description. Two of the coil 
sides 16 may comprise a single conductor provided with an 
the top of each of the winding slots 14; and each cf the coii 
sides 16 may comprise a single conductor provided wtih an 

40 enclosing insulating casing, indicated generally at 17, 
for the purpose of electrically isolating the conductor of the 
16 and from the armature element 11, the armature ele- 
ment II being connected to reference ground, as indicated 
at 18. Each of the winding slots 14 not only receives the 

45 two coil sides 16, but it must accommodate cooling facility, 
essentially including a duct 19 through which air or other 
gas, or a liquid is forced, the arrangement of the duct 19 
between the top and the bottom coil sides 16 in the 
winding slot 14 being entirely arbitrary for purpose of 

60 illustration. Of course, the coil sides 16 are mechanically 
blocked in place by a suitable wedge arrangement, not 
shown. 

The field element 12 is provided with winding slots 20 
and 21 on opposite sides thereof that receive a continuous 

55 field winding 22, that is mechanically blocked in place by 
a suitable wedge arrangement, not shown. When the field 
winding 22 is energized, it establishes a pair of oppositely 
disposed poles at the adjacent segmental surfaces thereof, 
as indicated by the reference characters N and S. Of 

60 course, when the field winding 22 is energized and the Held 
element 12 is rotated, six phase voltages are induced in the 
phase windings of the composite armature winding 15, the 
frequency of the induced phase voltages being 60 cycles, 
when the field element 12 is rotated by the associated tur- 

65 bine at 3600 R. P. M. 

Referring now to Fig. 2, there are illustrated schemati- 
cally the connections of the composite polyphase armature 
winding 15 of 6 phases with 2 circuits per pair of poles, 
and embodying the features of the present invention; the 

70 armature winding 15 including the six phase windings: 
a\ d\ c\ /', e f and b' arranged in the first circuit, and the 
six phase windings: a", d" 9 c'\ f"> e" and b" arranged 
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m the second circuit; whereby the phase "V consists of 
the two parallel connected phase windings a* and a", the 
phase consists of the two parallel connected phase 
windings h* and //', etc. 

Referring now to both Figs. 2 and 3, it will be appre- 5 
ciaied that the terminals of the phase windings a", Z>", 
etc., in the second circuit are properly poled with respect 
to the terminals of the phase windings a\ b\ etc., in the 
coil side 16 from the conductor of the contiguous coil side 
first circuit, so that the phase voltages induced in the phase 10 
windings a' and a", b' and b", etc., are respectively in- 
phasc with each other, and the phase voltages a' and a'\ 
b' and h'\ etc., are substantially equal to each other, so 
as to avoid circulating currents among the pairs of phase 
windings a' and a", etc., incident to parallel connection 15 
thereof to provide the composite armature winding 15 of 
6 phases with 2 circuits per pair of poles. As illustrated 
in Fig. 2, the adjacent opposite ends of the paired phase 
windings a — a", b' — b'\ etc., are strapped together to 
provide the output terminals 31, 32, 33, 34, 35 and 36 and 20 
to provide the common terminal 37 that is connected to 
reference ground, as indicated at 38. Moreover, as best 
illustrated in Fig. 3, the phase belts of the armature wind- 
ing 15 are arranged in the electrical sequence: -fa, — -/, 
— <?, -f d> -K'> — a > -r/> — ^» ~ c anci -f^; whereby 23 
the 6-phase voltage that is induced in the armature wind- 
ing 15 is asymmetrical but consists of two symmetrical 
3 -phase voltages displaced by a phase angle of approxi- 
mately 30°. Specifically, the phase angle displacements 
between the adjacent phase voltages are respectively: 90 °, 30 
30°, 90°, 30°, 90°, 30°, as shown in Fig. 3. 

Referring to Fig. 4, the composite armature winding 15 
may be distributed and of full pitch, as illustrated. The 
distribution of the coil sides of the various phase windings 
with respect to the tops and the bottoms of the thirty-six 35 
slots, as well as the arrangement of the armature slots in 
the armature element 11, are shown in detail in Fig. 4, 
and are considered to be self-explanatory. Specifically, 
the coil sides -f-«l, +«3 and -j-aS are arranged in the bot- 
toms of the respective winding slots 1, 2 and 3 in the -\~a 40 
phase belt; while the — at, —a3 and — a5 coil sides are 
arranged in the tops of the respective winding slots 19, 20 
and 21 in the —a phase belt; the coil sides -farl, —al, 
+a3. — - a3> -\-aS t and —a5 being connected in series rela- 
tion in the first circuit in phase to provide the phase 4,3 
winding a*. Similarly, the coil sides -{-a2 t +«4 and -\-a6 
are arranged in the tops of the respective winding slots 1, 
2 and 3 in the ~j-a phase belt, while the ~a2, —a4 and 
coil sides are arranged in the bottoms of the respec- 
tive winding slots 19, 20 and 21 in the —a phase belt; the 59 
coil sides -j-fl2. — c>2, 4-^4. — «4, +«6. and —a6 being 
connected in series relation in the second circuit in phase 
'V/** to provide the phase winding a". 

In view of the foregoing, it will be understood that the 
coil sides cf the phase windings /' and the phase wind- 55 
ings e' and e". etc.. are arranged in the corresponding 
adjacent winding slots in the armature element 11 in the 
manner illustrated. 

Thus it will be understood that with a given output 
rating of the generator 10, a considerable reduction in go 
the phase voltage is realized, firstly, by the provision of 
the six phases in the composite armature winding 15, and 
secondly, by the provision of the two parallel circuits 
therein; whereby the required thickness of the insulation 
of the casings 17 enclosing the conductors of the coil sides ^ 
1!6 may be substantially reduced, rendering available addi- 
tional space in the winding slots 14, so that this additional 
space may be used for various additional design purposes. 
For example, the cross-sectional area of the conductors 
of the coil sides 16 may be increased. On the other hand, ~ Q 
1 he dimensions of the winding slots 14 may be reduced in 
order correspondingly to increase the dimensions of the 
interposed armature teeth to relieve saturation thereof, 
etc. Recapitulating, by reducing the required thickness of 
the insulation of the casings 17 of the coil sides 16, the 75 



additional space in the winding slots 14 is rendered avail- 
able for u:i ligation in design factors effecting an increased 
rating of zUt generator 10, without increasing the physical 
dimensions thereof; whereby the generator, when em- 
bodying the improved armature winding 15 may be rated 
at a higher power output than when it embodies a con- 
ventional armature winding of 6 phases with 1 circuit per 
pair of poles cr of 3 phases with 2 circuits per pair of 
poles. 

Now the improved armature winding IS is pro- 

ductive of -in n .symmetrica! 6-phase voltage, a phase- 
corrccuns network must be arranged between the genera- 
tor li) and a ^onvenu'onal 3-phase supply line in order to 
provide power distributing system. Referring more 
parriculariy to Tig. 5, the generator 10, embodying the 
composite i-vmsiiure winding 15 is illustrated in conjunc- 
tion v.-;:h a phase-correcting network and a 3-phase 
supply lir.'i which phase-correcting network includes 
a 3~ph'.i:-.e transformer device 50 of the extended delta 
ivpe; and a'^o, the system includes a 3-phase step-up 
transformer Si). More particularly, the transformer de- 
vice 50 comprises core elements, indicated generally at 
51, carrying primary and secondary windings 52 and 53. 
Ths primary winding 52 includes three delta-connected 
phase windings 5-k 55 and 56 respectively provided with 
ddta' expending phase windings 54rr, SSa and 56a; while 
the secondary winding 53 includes three Y-connected 
phase- vviadi.'jg.v 57, 53 and 59, the center of the Y being 
connected to reference ground, as indicated at G. Simi- 
larly, the step- up transformer 6Q comprises core elements, 
indicated generally at 61, carrying primary and secondary 
windings 62 and 63; the primary winding 62 including 
three deltn-connected phase windings 64, 65 and 66, and 
the secondary winding 53 including three Y-connected 
phase windings 67, 68 and 69. the center of the Y being 
connected 10 reference ground, as indicated at G. 

In die arrangement, the three output terminals 31, 32 
and 33 of the leading 3-phase voltage supply of the gen- 
erator lv are respectively connected to the three outside 
terminals of the primary winding 52 of the transformer 
device 50; and the three terminals of the secondary wind- 
ing S3 of the transformer device 50 are respectively con- 
nected to the three conductors of the supply line 40. 
On the other hand, the three output terminals 34, 35 and 
36 of the lagging 3 -phase voltage supply of the generator 
10 are respectively connected to the three terminals of 
the primary winding 62 of the step-up transformer 60; 
and the three terminals of the secondary winding 63 of 
the step- up transformer 60 are respectively connected to 
die three conductors of the supply line 40. 

fn the operation of the polyphase power supply sys- 
tem, it will be understood that the arrangement of the 
primary winding 52 of the transformer device SO effects 
a rearward phase-shift of approximately 30° between the 
outside terminals thereof (connected to the leading 3- 
phase voltage supply of the generator 10) and the inside 
terminals thereof (at which the primary phase windings 
54, 55 and 56 are delta-connected); whereby the two 3- 
phasc voltages respectively induced in the secondary 
windings 53 and 63 of the respective transformer device 
50 and the step-up transformer 60 are in-phase with each 
other so that they may supply in parallel relation the two 
3-phase output voltages to the supply line 40. 

By proper design of the transformer device 50, it will 
be understood thai the phase-shift in the rearward di- 
rection between the outside terminals and the inside ter- 
minals of the primary w inding 52 thereof may be made 
exactly 30°; and by proper design of the step-up trans- 
former 6$. !he 3 phase output voltage of the secondary 
winding 63 thereof may be made exactly equal and bal- 
anced with respect to that of the secondary winding 53 
of the transformer device 50, for equal division of the 
load therebetween that is supplied to the 3-phase line 40. 

In view of the foregoing, it is apparent that there has 
been provided in a polyphase generator, an improved 



armature winding arrangement of 6 phases with 2 cir- 
cuits per pair of poles that is effective substantially to 
increase the power output of the generator and that is 
exceedingly flexible with reference to other generator de- 
sign factors, together with an improved 6-phase power 
generating and 3-phase power distributing system incor- 
porating the generator noted. 

While there has been described what is at present con- 
sidered to be the preferred embodiment of the inven- 
tion, it will be understood that various modifications may 
be made therein, and it is intended to cover in the ap- 
pended claims all such modifications as fall within the 
true spirit and scope of the invention. 

What is claimed is; 

1. In a 6-phase generator including an armature ele- 
ment, a composite armature winding of 6 phases with - 
circuits per pair of poles carried by said armature ele- 
ment and including three individual first circuit odd phase 
windings {V, c* and e') and three individual first cir- 
cuit even phase windings (b\ d' and /') and three in- 
dividual second circuit odd phase windings («", c" and 
e") and three individual second circuit even phase wind- 
ings (b*\ d" and /"), said phase windings being ar- 
ranged in the electrical sequence: (a' and a", d' and d'% 
c' and c", /' and e' and e", b' and b"), and means 
connecting said six individual first circuit phase windings 
(a% d\ c\ e' and b r ) in parallel relation with the re- 
spectively corresponding ones of said six individual sec- 
ond circuit phase windings (a" } d'\ c", e" and b") 
to produce the corresponding composite phases (a> d> c t f, 
e and b)> wherein each of the corresponding individual 
odd phase angles (a~c, c-e and e-a) is substantially 120° 
and each of the corresponding individual even phase 
angles (b-d, d~f and f-b) is substantially 120° and 
each of the corresponding individual even to odd phase 
angles (b-a, d-c and /-<?) is substantially 30°. 

2. The 6-phase generator set forth in claim 1, wherein 
said composite armature winding is distributed in twelve 
corresponding individual substantially equally angularly 
spaced-apart arcuate phase belts per pair of poles dis- 
posed in the electrical sequence: (4-#, — /, — e, +d, -f-c, 
—b, —a, -fe, — </, — c, -f fc), wherein said individual 
phase windings («' and a") are arranged in said in- 
dividual phase belts and — a), said individual phase 
windings {b' and b") are arranged in said individual 
phase belts (+6 and — b) 9 etc. 

3. The 6-phase generator set forth in claim 2, wherein 
each of said phase belts comprises N substantially equally 
angularly spaced-apart winding slots provided in said 
armature element, where N is an integer. 

4. The 6-phase generator set forth in claim 3, wherein 
each of said phase windings comprises 2N series-related 
coil sides, each of said winding slots receives two of said 
coil sides respectively in the top and in the bottom there- 
of, the odd and even coil sides of said individual phase 
winding O') are respectively arranged in said corre- 
sponding individual phase belts (-fa and —a) and the 
odd and even coil sides of said individual phase winding 
(a") are respectively arranged in said corresponding in- 
dividual phase belts (—a and -f<z), etc - 

5. The 6-phase generator set forth in claim 4, wherein 
the odd and even coil sides of each of said phase windings 
axe respectively arranged in the tops and the bottoms of 
the winding slots in the two corresponding phase belts. 

6. In a combination, a 6-phase generator provided 
with a first set of three supply terminals and a second set 
of three supply terminals and operative to generate an 
asymmetrical 6-phase supply voltage including a first 
symmetrical 3-phase supply voltage applied to said first 
set of supply terminals and a second symmetrical 3-phasc 
supply voltage applied to said second set of supply ter- 
minals with a fixed phase angle in a given direction be- 
tween said first 3-phase supply voltage and said second 
3-phase supply voltage, a 3-phase device provided with a 



set of three input terminals and a set of three output 
terminals and operative in response to the application 
of a 3-phase input voltage to said set of input terminals 
to produce a 3-phase output voltage applied to said set of 

5 output terminals with a phase shift between said 3-phase 
input voltage and said 3-phase output voltage through 
said fixed phase angle in a direction opposite to said given 
direction, connections between said first set of supply 
terminals and said set of input terminals, whereby said 

10 3-phase output voltage applied to said set of output ter- 
minals and said second 3-phase supply voltage applied 
to said second set of supply terminals are in-phase with 
respect to each other, and a 3-phase load circuit com- 
monly supplied from said second set of supply terminals 

13 and said set of output terminals. 

7. The combination set forth in claim 6, wherein said 
given direction is the leading direction. 

8. The combination set forth in claim 6, wherein said 
generator consists essentially of a dynamoelectric ma- 

20 chine including an armature winding of 6 phases with 
2 circuits per pair of poles. 

9. The combination set forth in claim 6, wherein said 
3-phase device consists essentially of transformer ap- 
paratus provided with extended-delta-connected wind- 

25 irigs. 

10. In a 6-phase generator including an armature ele- 
ment, a composite 2-pole 6-phase 2-circuit armature wind- 
ing carried by said armature element and including twelve 
individual phase windings, said twelve individual phase 

SO windings being arranged in two equivalent groups of six 
individual phase windings each, a ground connection com- 
mon to said armature element and to the inside ends of 
the six individual phase windings in one of said groups 
and to the outside ends of the six individual phase wind- 

35 ings in the other of said groups, six supply terminals, 
first connections between the outside ends of the six in- 
dividual phase windings in said one group and respective 
ones of said six supply terminals to provide one of said 
6-phase circuits, and second connections between the 

40 inside ends of the six individual phase windings in said 
other group and respective ones of said six supply ter- 
minals to provide the other of said 6-phase circuits, 
whereby said two 6-phase circuits are connected in par- 
allel relation to provide a composite 6-phase supply volt- 

4:3 age at said six supply terminals, said two groups of phase 
windings being so connected and arranged that said com- 
posite 6-phase supply voltage is asymmetrical and is com- 
posed of tv/o symmetrical 3-phase supply voltages with a 
phase angle of substantially 30° between said two 3-phase 

50 supply voltages. 

11. In a polyphase generator, a composite 6-phase 
armature winding provided with 2 circuits per pair of 
poles and comprising the sequential phase belts: (-f-c, 
— /, — e, -\-d, -$~c, — b, — a, -{-/, — d > — c and -f-6); 

55 wherein the two phase belts of each of said pairs: (~f-# 
and —a, etc) are disposed substantially 180 electrical 
degrees apart and consists of a pair of individual phase 
windings connected in parallel relation. 

12. In a polyphase generator, a composite 6-phase 
60 armature winding provided with 2 circuits per pair of 

poles, wherein each of said phases consists of a pair of 
individual phase windings connected in parallel relation, 
said pairs of individual phase windings being so distri- 
buted and arranged that an asymmetrical 6-phase voltage 
65 is induced in said composite armature winding that con- 
sists of two symmetrical 3-phase voltages having a phase 
angle displacement therebetween of approximately 30°. 
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